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CL- 42.2 (ELECTRONICS - Solid State Components) 

KW-R002 (LASERS); R003 (ELECTRON BEAM); R004 (PLASMA); R044 (CHEMISTRY 

- Photosensitive Resins); R095 (ELECTRONIC MATERIALS - 

Semiconductor Mixed Crystals); R116 (ELECTRONIC MATERIALS ~ Light 

Emitting Diodes, LED) 
AB- PROBLEM TO BE SOLVED: To contemplate improvements in the increase of 

luminous intensity and luminous efficiency of a blue light emitting 

clement. 

SOLUTION: After a GaN n-layer having the film thickness of about 
0.6.mu.m, Si density of 2Xl0(sup 18)/cm(sup 3) and electron density 
of 2X10(sup 18)/cm(sup 3) has been formed on a buffer layer 2, a GaN 
high carrier density n(sup +) layer (high impurity density layer) 3 
having the film thickness of about 4.0.mu.m, Si density of 4X10(sup 
18)/cm(sup 3) and electron density of 2Xl0(sup l8)/cm(sup 3), a GaN 
n-layer (second low impurity density layer) 4 having the film 
thickness of about 0.5.mu.m, Si density of lX10(sup l8)/cm(sup 3) and 
electron density of 5X10(sup 17)/cm(sup 3), an In(sub 0.20)Ga(sub 
0.80)N light emitting layer 5 having the film thickness of about 
lOOnm, an Al(sub 0.08)Ga(sub 0.92)N P-conductive type clad layer 71, 
a GaN first contact layer 72, and a GaN p(sup +) conductive type 
second contact layer 73 are successively formed on the n-layer 31. As 
a result, the crystallinity of the light emitting layer 5 can be 
improved by the n-layer (first low impurity density layer) 31, and as 
a contact electrode is formed on the n(sup +) layer 3, resistance 
becomes small and the lowering of driving voltage and the improvement 
of light emitting efficiency can be accomplished. 
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[HUB] m&ftxm?<D%K&m<Dmi]uRwftft$hm<D 
rsj± 

^v7 7jP2CD±t, MJP^0.6 ©Si 
S&2 xl0 18 /cm\ S?SK2 xl0 18 /cm 3 ©GaN ©njf 

(S6 1 3 1feJ&£bfc«. *0±C, 

m&> «ff«4.0 Am, SiMjS4 xl0 18 /cm 3 , «Ti»JS 
2 xl0 18 /cm 3 ©GaN ©at+^lfin* A (JS^tt* 
*£A) 3, fflUF#i0.5 AmCSi^igl xl0 18 /cm\ « 
?aS5 xlO"/cm 3 ©GaN CDnf ($2&TO(I«tiSg 
1) 4, jmff^JlOO nm©In 0 . 2 oGao. aoN ©»*JB5, 
Alo. osGao. 92 N ©pfi>!i3J©^5<y KJB7 1, GaN <D% 
\?>f* H7 2, GaN ©p + g#^CD!g2 3>^^ 

M7 3«ife. ni mi&wtam&m) 3 1 

3>** h»^£ff^Lfe©T-ffiK#/jN£<, Kii«E 



73 p*-faN (Ms-dop«d) 
72 tHiaN (Hg-doped) 
# /71 Ml, 




5 In,. .Gb,. .N(Si.Zn-dopod) 
4 GaN (Si -doped) 
8 Al 

3 n*-GaN (Si -doped) 
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1 

roESSfciEv^freK ^tttJJKHBinfc^trffi 
l<£*tt*&*flUf©±fc^fiE;**u ffi*£icTtt«l&8 

mmmm c*r ut n > * * h *m*mm Lizzt 

fcl-ifSJfc*?. 10 

fig^tiT^s c t*¥mtt*zm$.m i tE*®*** 

[WjRE 3 ] $|E$ 1 fl^MS***©** 'J Tilgii 

2 x io 1 7cm 3 irretbizt. zn®. t-rs m&m i xt* 

ttfc^fcEfiffllgJte*?. 

[»«S4] iJE!gl<g^MgJl©JP;*fci\ 100 A 
~2 Am t?*4dfc*««fc-}-5»*^lXtta9*®2 

C!3t®MI?. 20 

imxm 5 ] HjES5^»ii»«KJi©*+ u TWkm&i x 

10 16 ~1 xl0 19 /cm 3 T-SS3i:§^i:-r?)if*illX 
(iWsRJl 2 tE«CD|63t*? . 
[If*«6] BirE«*tt*&««JB©JP«*fcJ:0.5 ~10>um 

r-fes c fcs«ai:f i xbissre 2 ce«© 

MS?. 

[WJRJB7] i!E»lffi :: f : tt»«ltJi© : fW»«ett4 
x lO'VcmH^TT-fe 2. £ £*SP»fc1-3I93ftS 1 XttSI 

#S 2 {CfB*6©fgftS^o 

[1**118] ifEIMRtiEV^CJKjsK$nSJittnfi# 30 
M^tnlffeSC 1-5 19#B 1 TiMM* 

II 7 ©^-fftfrCEftCfB**?. 

[0 0 0 1] 

[ISW©JB-r #lgl«tt3J^tW9{*;£ 
[0 0 0 2] 

[«6*©s^] ce*. #£^®:R^©Ms??©*r 

bTAlGalnN «©fb^*MW*:S/B^fc4>ffla j *n& 40 

nr^i. *©ft^»*»frttia»agJSTf*4ii:*> 

fcSBitSMSjPit&v^i:, #©3JIfe©loT-&£1ffe& 

[0 0 0 3] AlGalnN JMNiftMUTfc, 
btt^Mbfe!), *M0S£«fc»)pSMbT?&3. 
£©»** AlGaN ©pfc«Si©*5«y HJf i:, ZniiSih* 
— 7°©InGaN ©#g#Jli: N GaN fflnJlfciffl^fc^TVU 

^7 i D*jift*-rsiB3fc^*-K (led) 

'^7 71, '>U=i>^itS?ijet^j!jnbfen + JfcGaN Jf, 50 
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is V =i > SJSil] bfc nBGaN Jl j&» S> & S * 5 y KJ1, In 
GaN j&»&fiR3f5JfeJ^ pJBAlGaN ©^5vKl 4 Pfl?Ga 
N 0*13>*^ bjf, p + JfcGaN ©£2 3>**hJf 

[0 0 0 4] 

it©#g#^2J--K«u M&S#*£'J^i^v^PrS 
jS#fcofc 0 t^T, *^#?>ttc©M^©^r B 

tzo * v •? 7i®±t ^ u 3 > ^aasKisara tfe n + 

JfcGaN *©±cje^ ±©Jl£flMbT 

VS. £©fiH, n + j&GaN JBj&^WH&S^SK^A/T? 

ftS&H©*gilffifca<&i*fci^£fc#W!HUfc. * 

±£®JS3ftS#JB©<eiiflE#a<&»K »3t«S, 38 

[0 0 0 5] ffiot, *$sn8Bu ±E©*nacs^5v^T 
iSSftfc *>©•?&!>. *«!BfflBfl9H:, MS?©&1 
©SftttS|qF±1-S^i:-e, *3t»S&VIB3fcS&**|qI 

[0 0 0 6] 

[»S^S?^1"?»fefe©^IS] *^B^(± N S«±CBfi8 
2ftfe3KS{btl¥«&A^J&3nJf, MJ1, p»i: 

i:, *©* HS : ftt«l«e«©±tJ&fiE*n, ffi«g£ 

[0007] ±E©*fi£t*s^-r, ^in»»ejB2:ifi 

3fc»i:©Hlctt, fi«Kt^«l«lS»iPbfc»2fi^tt 
SBIi:«:SJi©^tt«B«Jtfe<£< bfcfflTf-f ©JgffllSJI 

[0 0 0 8] ±E©fitfiKiC;fe^T, ^ 1 (S^n««mJI 
©*i> 'J ^iiSJi 2 x 10 1 Vcm'WTtfa* bV> 0 3© 

^©±tffM^ni»&^©^r B ^* s K«^tii>o 

X, fi^W«J«fi)Bfflff*tt, 100 A~2 u* VmtL 

v^„ ioo A«tt)m^4:-f<iD±tBfi8*ns#ji©iieffitt 
®aftif©a*A«fi<, 2 Am w±fcft«a: % 
»^$*rt-f©±t(Ks-css»jB©jp$*«ft!iiE$n 

[0 0 0 9] ±E©^JES^*3V>T, i^^^SJS*©* 
+ U7«Kttl xl0 ie ~l xlO'Vcm^-feS^t^S* 

bv^ ^£DiC3>^^Mi«^n5. iot, 
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z l 0-4 2 1 0 



1 xWVcm'JJLtfc + Si:, ISIHSffJB < !K *©± 

cjgjasnsjiffliestt^fiT-r sffltfas b < a^. 

**'J;P?lJg#l xl0 18 /cm 3 WTi:fcSk, >BlE*Hffl 
JP£T-ffiJfi$fiT£#£c:k#T-§fc^©T-S£b<£ 
l^o X, *ffl«^tt«iaKJBfflJ¥*tt0.5 ~10/zm Tf* 
5Zk#S£b^„ 0.5 //m J;D»^fcxyf>jrti 

&-*©jB&»Hi/r, *©jst3>^^ h«ai*jBja-r 

S©#ffl!ii:&»)S*L<!&^. X, 10/zm .fc&JPV^i: 

[0 0 10] ±8B*«C*V>T, J61fi*tt» 

«K»©T«»aKtt 4 x 10 1 7cm 3 & 5 d k #S 
£bt>. ^^?Ifitt4xl0 1 7cm 3 $2ix.5£;, ^CD± 

So StEfcffi^2ffflJB£n»fcLfc»^CtiU ±13©* 

*'J7?gJg, ^fcfitifig, l©iP2©28rtiI^H(i, njf 

-e&pjfT-&#£, ^n^n, sasu^ieircfcs. 

[00 11] 

[«w©f^ffl»wa*] ±*£bfe«fc?fc fsjfc*©fiES 

mtLtz(DX\ *©g©*sji&#fsj±-rs 0 ftot, * 

©» HS^»Si»«KJB©±C}efiE*ns«gi©|g«tt)6« 
IrI±U «rt, #g;ftJl©iKfltt#&<&5*§3l, SSifeff 
S, *3fc»*#l«0±Lfc. X, 1 fi^tt»«KJB 

©±K*tt*9»8M> s ?SS^JB&^J5&U foicni/^f 

«Ja8jWiPfl?J3*u »3fc»*#ieo±bfc. 
[0 0 12] 

S^v>Ta5JB^1-5o £:|3#»l8ttTKSSK0iJCIR5£3ix 

sto-eatfc^. e i {i*mn^j©^^? ioo 

IS^SH^lOO (i, V-yy^T&WLl^LX 
*>'!>, *©-9-7 7-f7SIRl±K0.05Atin©AlH 
7JB2jWI2jfc3*iTH3. 

[0013] ■f©^v7TjB2©±{ctt, nt, mm® 

0.6 Atm ©*>'J3>«K2 xl0 18 /cm\ S^Sgl xlO 
18 /cm 3 ©^iJ=i>(Si)K-7 , GaN a>e>fi£3njf (SSliS 
^tt«B«KJS) 3 1, JBff#|4.0 //m, S/U3>«K4 
xl0 18 /cm 3 , a?itJg2 xl0 18 /cm 3 ©-> U 3 >(Si) H — 
7*GaN ipe > ^5iS^+U7'jijen + Jf («S7tt««S 
JB) 3, MJP^O.5 >um©^'J=i>?iJgl xl0 18 /cm 3 , 
a^S®5 xl0 17 /cm 3 ©»>>; 3>fSi) K — r©GaN *>A 



$5 njf ($2<£7Mi&iB£JB) 4, BUP&lOOnm, 
Bf8(Zn)i:«> "J a >(Si) 5xl0 18 /c 
m 3 fc F-7£ftfcIn 0 . 20 Ga 0 . a „N *»e>fiESIS3teJB 5 , jR 
JW&lOnm, 2xl0 1 7cm 3 , v^*«>9A 

(Mg) ®Jg 5xl0 19 /cm 3 H-7*©Alo. osGao. 92 N 4>^fig 
ip^S©*** FJf 7 1, BUP£]35nm, *-;!/* 
£ 3xlO l 7cm 3 ©v^*5/i>A (Mg)ilfi 5x10 '7cm 3 
K-r©GaN *t>&&mizi>*i? bm7 2, JBIJpift5 
nm, *-;U?iJg BxlO^/cB'fflv^S/^A (Mg) S 
10 S lxl0 2 7cm 3 K-^©GaN *e»J5g5p + fi*¥Jfc©§f§ 2 
3>** hJB7 3«JJitU5= ^bT, Sg2=J> 

Ml 7 3 ©±H£(*CNi/Au © 2 4 
AMI9*«®filG*n-effl2W«ffi9©PS©aJdt:Hi/Au © 

SixT^S. X, n + JS3±tttAl*»6fi!cS«ffi8 4«^ 

[0 0 14] &fc, i©fl|Ji©*»«:*^©«Ji*ftC 

-^•cKum-a. ±i3^^^^ioo «, mm&mtsi&m 

g& (61TMOVPE) C«fcsafflB8gCJ:t)KJi$ix 
20 fco fflV^ftfe#*tt, 7'>^^7'(NH3) , ^'J7* 
* (H a ) * h'J^^-;U*';>>A(Ga(CH,),) (WT r TMG 

j tiit) s huy^-;uT;i/5 = ^A(Al(CH s ) s ) (w 
T TTMA j 4:131") , h , ;^^;b>r>^'>A(In(CH3)3) 

(WT TTMI j kffi-r) , ->7>(SiH«)i:S?x.^;nES8 
(Zn(C 2 H 5 ) 2 )(WT r DEZ j kffi-r) k^o^>^i 
-;uv^>>^A(Mg(C s H s ) 2 )(WT rcP 2 Mg j klB-f) 

[0015] £i\ *«a5»simjaat«tDft}|vbfc 

al^iSfcU #eft©-y-7r^7S«lSM0VPE £ 
30 ttffl£fc£fc«E$ftfctfHr:7*fc«irr3. « 
ET-H 2 ^^EM2 liter/^T-mO^SjS^t^b^A 5 ^ 
?gfill00°C-C-9-7 r-f 1 bfco 

[0 0 16] 400°Ci;T-{gT£-y-T, M 

20 liter/^ NH 3 $10 liter/# % TMA & 1.8 xlO" 5 
; E;i//«-t?iR90«>IHtt*&btAlH ©^' >^ 7 r M 2 §^J0. 
05/im©I?i:MLfe o JfejC, 1f7 1 ©fi 

S&llOO 0 C t«fifU H 2 ^20 liter/^, NH 3 $10 1 
iter/», TMG $ 1.12 x 10" 4 Haitf^CtD 
0.86ppm tf&f?$tl/t>'7>$:20xlO- 9; E;i//^'-r-36^- 
40 ziAb, f^P^j0.6 /in, lxlO^/cm 3 , •> ij 

3>aS 2xl0 18 /cm 3 ©f>U3>(Si)K-7"GaN A^fiK 
Sn/13 lSff^bfco 

[0017]*C, *7 7"f7 , S«l©aK*1150"Ct: 
iR«fb, H 2 $20 liter/fl\ NH 3 $10 liter/d, TMG 
$ 1.7xlO-t;U/^ H 2 3tf^CJ: 50.86ppB CftR* 
tlfc *> 5 > *20 x 10" 8; E;u/#T-40#gA b, MiP^J4. 
0 //m, tti^i&g 1 xlO 1 7cm 3 , ^>'J=i>?iJg 4xl0 18 
/cm 3 © •> »; 3 >( Si ) K - 7*GaN TilS 
n + ®3$^fi£bfc 0 
50 f0 0 181 htRenSiv il-FySBfr> + IS ^ *ff^ I ,f=- 
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^Tiag£1100° C fc«#U H 2 420 liter/ 
fl\ NH 3 410 liter/#\ TMG * 1.12 xlO" 4 ^/ 
fl\ H 2 #7x££S0.86ppm fc#R3ftfcS'7>£10xlO 

- 9; E;i//^-e3o^2»Ab, mmmo.s m?mm 5 

xl0 17 /cm 3 , i/V?>m%. lxlO , "/c« 3 ©'>U3>(Si) 
F-7*GaN A»e.jE£SnJB4&JBjatUfco 
[0 0 19] l^t, S£&800 °CC&&U N 2 XiiH 2 
420 liter/£\ NH 3 410 liter/£\ TMG 40.2 xlO 
-^ft/ft, TMI 41.6 xlO- 4 ^;i//£\ Ha^CJiD 
0.86ppm £#^£ftfe^>410xlO- 8 mol/#T-, DEZ 10 
4 2xl0-*;i// 30£f E 8§t^bTff£100nm ©*> 

UnVfcffitt^ ^ft^Ju 5xl0 18 /cm 3 £ F-^Sfc 
In 0 . 2 oGa 0 . soN *»6jac6»3ttJB 5 fcJ&JEfcbfc. 
[0 0 2 0] S8V»T* SgftllOO'CCfilftU N 2 XfcfcH 2 
420 liter/fl\ NH 3 410 liter/fl\ TMG 41.12x10 
-"^Iz/^h TMA 40.47xl0" 4; e;i//^> RV* CP 2 Mg 
42xlO- s ^E;b/^-e0.6 MiAb, Mff^IlOnm© 
v^*»>>7A(Hg)l*-:7©Alo.o«Gao. .aN *>£>$,£77 
s» K17 14ffMbfco KJf 7 l(D?n->W 

gjgii 5xl0 19 /cm 3 T*feSo £©#*§T-tt, ^^vYM 20 
7 lfcfc, gm*10 a Qcmtt±ffl««<*-C&*. 

[0 0 2 1] j&K*1100*C£«J$U N 2 X(iH 2 4 

20 liter/3\ NH 3 410 liter/fl\ TMG 41.12xlO" 4 
SV, CP 2 Mg 4 2xlO- s ^;i//^-T-40#P^aS 
AU JByM$35nm©v^*S/r?A(Mg)K-7°©GaN A» 
e>JEdc4SBl3>** bJS7 2 4ffMbfe 0 S51 3i>*7 
hH7 2©v^*~>^AilJg}i 5xl0 19 /cm 3 ffe5o d 
©ttJBtJfck »l=i>**MB72HU ffitrt^lO 

[0 0 2 2] SfifcllOO'CKfiiftU N 2 X(±H 2 4 30 

20 liter/:5h NH 3 410 liter/£\ TMG 4 1.12x10" 4 

^e;u/#\ CP 2 Mg 4 4xio- s ^;u/#T*i8#5§2> 

AU mmm$ nm©-^*>"7A(Mg)F-7-©GaN #> 
?>fi25p + ©SI2 3]>*£ YM1 3SML£. 123 
hJB7 3©x'7"*S"7Ail j gtt lxl0 2 7cm 3 T-fe 
So dOttSTCBU I23>^^ YM1 3tt, ffi 
K*10 8 QciW±©tttt#"C*3. 

[0 0 2 3] *^^W^R4fflV^Ts If? 2 3 > 

*^hJI7 3, Il3>^^M72M^7-vb'I7 
lfc-«lC*T»£JHStbfc. «^©^*{*{i, 40 
aMEifolOKV, Sf»*«il/iA, bf-A©&I)j$jg0.2iii 
m/sec % K-Ag6'O/zm0, *£jg5.0 x 10- 6 TorrT;& 
£©*F«fflJBStfc:«fc!K 82 3 V** b»7 3, 
^l3>^^hJg7 2SU ? ^v^KH7 ltt, 
*U sfc— 6xl0 1 7cm 3 ,3xl0 1 7cm 3 ,2xlO l 7c 
m\ mm 2Qcm, 1 Qci,0.7Qcii©pg*3!*NK*i: 
£©<£?£ bT^Jf«jg©7^* s f#e>ft;fco 

[0 0 2 4] @2{C^1-J:^t, B23>^^ b 

17 3©±{C, a3»aWfcJ:&Ti 11114 
JP£1000AfcJfcJ&U -f©±tHi (-vVfr) mi 1 2 50 
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4JS£ l//m CJfcfig-rs. fLT> NiJS 1 1 2©±tC7 

H2t^-J-J;-5t, §23>'?^ H7 3±££^T, 
&*+VTm&n* m3£-ittiWBmi&&tiLA' ©7 

t N 7* M/i>7 M 2CiotIt)fttU^TiI 1 
1 lfcNiJf 1 1 2h4^T"^y h^v?->-yLXmik 

[0 0 2 5] &£ % Tijg 1 1 1 tmm 1 1 2 JcioTg 
fcftT^&0®(fc©3S2:3>** YM7 3, |13>^ 
* HB7 2, K»7 K f53te«5, njf 44, BC 

+ <JTilKn + «3£;*rr2>«}Sm£iib©fc«)©?LA# 
2 , Tijg 1 1 1 &mm 1 1 2 4Rfc* bfco 

[0026] -at7tn/y^h*iflii/fc 

7th'JV^7-f-IiCJ:!), 2W3««9£J& 
fiK1-?.g|5^{3^4ll(tfeo 3©&, -«tHi/Au©21 
4S£#U 7*M^7, h4B&*bT, EP*>, 'J 7b* 
7ffi{cit), *23>**hH7 3©±C2lil3«ffi9£ 
ffMbfeo ^bT, *©aW«ffi9©-aPtHi/Au ©2 
H4l£ibT^>.y b* 1 Oeilfc. -73, n + JI3{c 

ti8IMbf;, *fflfK ±l3©rh<5!LS^tlfc'7 

-f3f-F4^fco ^©^»?<±lgi&«M20mAT-^ 
t-7^m430 nm, ^^S1500mCd T-feofc 0 ft* 
*£©LEDCtt^T»3tt3t£tt3(&tC*ofc. 
[0 0 2 7] j^, GaN © nf 3 1 4SttT±ia«^©^ 
WUfeH^OftilOS 2 3 h«7 3 

¥K40 5^^1-= t*ffl^l?ffl<t5ic, njg 
3 1 4a&lt-r£, ^tv7 7jf2©±CiS», n + «34 
MIT, 553fc3R?*BJ«bfeS^©«±JifflSS2 3> 

[0 0 2 8] i©^J(fr?>«-4»5«t-5K:, nJl 3 1 4IS 

[0 0 2 9] ±f3|i»J£;)ol>T, nJ14 4^^^'JT 

»&CB\ ^^+'JTgiSn + »3©±Cit8f, 
5 4fiXS$-&T*)MV>o ±ffimM£.1S^X, n!3 1 
Ctt, ^U=J>42 xl0 18 /cm 3 ^^ 4 JDbT«?SS41 
xlO I8 /cin 3 i:bT:^2>#, JftSSftnffcoTt)^^. S/'J 

3>ajs* s 2 xio is /cm 3 , m^mmm xio i 7cm 3 «tf) 
*, /h $ v t a, ^©±(i^fi-r * &*©eftft * s a$f 
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[0 0 3 0] $e.fc, njf 3 1©JP£&0.6 u* t bT C b'i— *tttoXtt:P**7*^tt«|£aSinU 

fc»C#3E-f3fc»l^ 100 A~2 /zm I5H bTfcfiO. X> ^ISWttlS*^*-- K©flb^ tf 

fBIU£0!l££^T, ^t'J7!Sn + H3©dr^'Jy [ 0 0 3 5 ] ^-fe^TOMJHU 2flyc*©^iJ y>> 

ag{±2 xlO ia /cm\ ->«;:3>«J££4 xl0 18 /cm 3 i:L A(Be), v<7^^^A(Mg), ffi»(Zn), *K$*A(C 

'J^jgjgfcfcl xl0 18 ~l xlO'Vcm 3 , *>U=i dX *«(Hg)&ffl^Tt>&^. 2#OTf?i£7^-tr:7*^ 

>«KEttl xlO ,7 ~l xl0 8 7cm 3 ©l6BBl?» "t©±fcJ5S tttti: Ufctt^lcH:, Kt-^fttLT, 4K7n^T- 
fi-r**©f§litt£8t3-T?S, fio, «!ftS/J^<t-S 10 &*&*(C) , >>'J=i>(Si), ^;uv^J.(GeX £g(S 

^'JTSfin* H3©JP£tt0.5 ~10,um ©®B#g I957G*©* tf£(S) , -feb>(Sek ^;WKTe)£ffl^.5 

[0 0 3 1] n/MHU ->V3>mmi xl0 18 /cm\ M H^^Xvjtf^tfi-efflSWaa, I/— IfHMtfcJ: *) 

?mm5 xlO^/cm'fcbfc**, ^>';=J>iiS2xlO ie ~ frd^fctfTfSS. 

2xl0 19 /cm 3 lxl0 lfl ~ lxlO'Vcm 3 #jg [0ffl©ff3i&!5£BJi] 

«J*^HT*fe5. X, ff^tt, 0.5 /zmhbfctf, 0.5 [01] *f5W©a»W«:sS 1 £SIE0!llc«SI8#*y * 

~ 2/*m#Si;b^o Mff^O^/zmJiiT^'fe-Si:^ - K©*JEStft^bfe«fiEia. 

BUfrPffiTU 2^mm:fc&4fcit?UiSifi;tf s ffi<&!> 20 [02] Wl^m&KD^V-f *- H©»iixe*^ b£ 

««E*«E-T4:»«W-S©T?S*U<3&:V'>. B?rB0o 

[0 0 3 2] _hfa^5SMCC43^^-C. 3>** HBt*2jf [03] [S]^S6#J©$8:ft^f K®SM^^bfe 

lfl3ii:Lfc#lJf*3n?t>&V>. *63fc)B5fcH:, In 0 . 20 »tH0o 

Ga 0 . boN Sfl!Hfc#2 7C, 35cs 4^5©InGaAlN © 3K [0 4 ] |B)iiM®i^^l' tf— KfflJSjtxgfcjj* bfc 

Sftft^^TftntiflSjEKTcSlJCiBJSiJtttffi*©*)©** #r®0o 

ffifflT-tSo X, K»7 1, f6l3>** hJB7 [05] ±fB»3fc^-f Kt*'V^T» lfi^ttftWt 

2, i23>^>7 M17 3 CHLTI4, fS*JB5J:»)* JR (nl) £ff^bfci§^©S±Jf ©St®ttfg£ia$J b 

*2tcx 35c> 47C<D3m£L<bm*m{*.&m^&Z.£1fi [06] fS3fc^-f*-Kti3V^-cana^««l«lSJi 
T-§5o X> nl3 1, n + Jf3, njf 4 - 30 (nH) £ffMb&OS£-©fi±JS©ai®tt<i£§i«iJ b 

fcUnGaAIN T-ftM&it© 2 5c> 3k, 45n©3&g ^Hffifi&^lt. 

[ 0 0 3 3 ] X, 5 © •> U 3 >Bi£R V3M&»K 100 

fct *ft-etu 1 xl0 l7 ~l xl0 2 7cm 3 #M£bOo 1 l--tf-7 7"f7S« 

x 1 0 17 /cm 3 fciTT-i&Si;, M^WStiOM 2-n-7 7 7f 

»*i«fiTb, 1 x 1 0 20 /cm 3 tt±fc«cSi: % gjlft 3 l-njf (IS 1 ffi*«!*JJB) 

X, t-^x»S^4t50fSSb< 3-il5* J HJ7'?Ijgn + Jf (ffiTO&ftJi) 

fcv^o $?.t»$L<ttl xl0 18 ~l xl0 19 /cm 3 ©|g 4-nJf (g2{£TO&ftJR) 

H*»av^. X> ->'J=i>(Si)©»KfclU 3Bf9(Zn)tit^ 5-l63t* 
T, 10fg~l/10##£b<> ^5>tW*b<(i 1 ~1/ 40 6-t**7I 

[0 0 3 4] ±J3©IUfi«|-Ctt, ^Jl 5 tt#«-C«fi8 7 2 13>^^M 

bfeAs, -»aAl„Ga y ,Ini-,i.„N(0^xl^l . 0 gyl 7 3 -ft 2 3 >^ ^ hjg 
^1,0 gxl+yl <l)©#pli:-)ag!^Al x2 Ga y2 In 
.-x2-y 2 N(0gx2^1 , 0 gy2gl,0 ^x2+y2 ^Dffl^U 

7 , »fcA»5)J«S#-Xtt*fi« : F#F«JJifc*riil / Tt) 1 K 

mv^. *©a-&c % #pjBxtt^ , J7 , »t:K^— ^*6«i 



